Accurately predicting the impact of rare nonsynonymous variants on disease risk is an important goal in precision medicine. Variants in the cardiac sodium channel SCN5A (protein Na V 1.5; voltage-dependent cardiac Na+ channel) are associated with multiple arrhythmia disorders, including Brugada syndrome and long QT syndrome. Rare SCN5A variants also occur in ≈1% of unaffected individuals. We hypothesized that in vitro electrophysiological functional parameters explain a statistically significant portion of the variability in disease penetrance.
R
are variants in SCN5A are implicated in several heart diseases, including type 3 long QT syndrome (LQT3) and Brugada syndrome (BrS1). 1, 2 Rare SCN5A variants are also collectively present in ≈1% of healthy individuals. 3 As genetic testing becomes increasingly prevalent, the ability to predict which SCN5A variants are associated with disease will be useful and potentially actionable. 4 Computational methods exist to predict variant pathogenicity, and these generally rely on a combination of variant features, such as evolutionary conservation, allele frequency, and conservativeness of the amino acid change. [5] [6] [7] Although computational predictive models provide widely accepted supporting evidence for variant classification, 8 they often struggle to predict the exact effects of the variants. 9 This is due in part to the inability of models to account for the many factors that cause variable penetrance, including other genetic and environmental factors that contribute to risk. 10, 11 The classification of variant pathogenicity, broadly defined, flattens information related to a carrier's true risk of presenting with a disease. The insufficient prediction of pathogenicity also ignores the details of disease presentation, which diverges considerably between BrS1 and LQT3, with occasional overlap between the two. 12 Patch-clamp electrophysiology in heterologous expression systems is often used to characterize the function of ion channel variants. For Na V 1.5, several parameters are typically measured, including peak current, late current, voltage shifts in activation and inactivation, and recovery from inactivation. Alterations in these parameters are often assumed to correlate with disease presentation, although the exact relationships between Na V 1.5 electrophysiological parameters and disease risk have not been systematically tested. 13, 14 The probability a carrier presents with a disease lies on a continuous range from 0 (impossible) to 1 (certain). We hypothesize that variant pathogenicity can be estimated as a continuous variable and that it has a quantitative relationship to the degree of in vitro perturbation of Na V 1.5 function across multiple in vitro electrophysiological metrics. Here, we use the term penetrance, analogous to the extent to which a genetic variant associates with a clinical phenotype in a kindred. To address this hypothesis, we curated a large data set comprised of SCN5A variants characterized by patch-clamp electrophysiology in heterologous expression systems. We then compared in vitro electrophysiological perturbation and homogeneity of presentation to quantitatively establish a relationship between channel function and clinical presentation.
METHODS
The data, analytic methods, and study materials have been made available to other researchers for purposes of reproducing the results or replicating the procedure. All analyses were done using the datasets provided in Tables I and II 
Collection of the SCN5A Variant Data Set
On November 15, 2017, we searched Pubmed with the term "SCN5A or Na V 1.5" and obtained abstracts from 2123 articles. A comprehensive manual review of the abstracts and articles identified 711 articles describing 1028 variants, including 356 variants that had been functionally characterized by patch-clamp electrophysiology. We supplemented this data set with all SCN5A variants in the gnomAD database of population variation (https://gnomad.broadinstitute.org/; release 2.0), yielding a total of 1712 variants. We searched each publication for the number of carriers of each variant, the number of unaffected and affected individuals with BrS1 and LQT3, and the functional electrophysiological parameters peak current, V 1/2 activation and inactivation, recovery from inactivation, and late/persistent current (Tables I, II , and III in the Data Supplement). All recorded values were normalized to wild type values reported in the same publications. We excluded articles that reported duplicate patients by searching for articles describing the same variant/phenotype from the same authors or institutions (Table I in the Data Supplement) . For each variant, we summed all instances for each category of unaffected (including carriers found in gnomAD), BrS1, and LQT3 (Table II in the Data Supplement) . Because gnomAD has a large population drawn from several studies of common diseases (much more common than BrS1 or LQT3), we assume the subjects included are at most minimally enriched
CLINICAL PERSPECTIVE
Electrophysiological defects in cardiac ion channels are multidimensional and continuous. At one extreme, dramatic perturbations are not well tolerated and clinical presentations are largely predictable; however, modest perturbations result in varied clinical presentations including incomplete penetrance. This leads to difficulty in determining how severe an electrophysiological defect should be to consider as supporting evidence that a variant is pathogenic. In addition, there is a growing recognition that variants impose a range of disease risk, from ≈100% penetrant to a statistical risk factor. The literature curation approach and analyses presented in this work provide a framework for a quantitative understanding of how to translate continuous electrophysiological functional defects of the cardiac sodium ion channel SCN5A into disease risk. It is our hope this approach will help more accurately determine variant-specific disease risk for SCN5A and for other Mendelian disease genes.
for BrS1 or LQT3 compared with the broader population and have, therefore, included them in the unaffected category. We further collected in silico pathogenicity predictions from 4 commonly used servers: Sorting Intolerant From Tolerant, 5 Polyphen-2, 7 Combined Annotation Dependent Depletion, 15 and Protein Variation Effect Analyzer (PROVEAN). 6 We also include basic local alignment search tool position-specific scoring matrix for SCN5A 16 and the per residue evolutionary rate, 17 previously suggested to have great predictive value for predicting KCNQ1 functional perturbation, 18 and point accepted mutation score. 19 For Figure 1 , variants with >20% of carriers presenting with BrS1 or LQT3 were considered disease associated, whereas variants with >80% of carriers being unaffected were considered not disease associated.
Data Collected From Functional Studies of SCN5A
Most functionally characterized variants were characterized by heterologous expression in Human Embryonic Kidney cells (291 of 356 total), so we used only patch-clamp data derived in Human Embryonic Kidney cells when available. For variants where no Human Embryonic Kidney cell data was available, we used values generated from other cell types, including Chinese Hamster Ovary, Xenopus oocytes, or human-induced pluripotent cells, in that order of preference. We averaged the individual parameters in cases where multiple articles reported functional characterization of the same variant in the same cell system. Additionally, when values were reported in the context of multiple splice variants (eg, with or without Q1077) or common variants, such as H558R or R34C, we used functional parameters from the most common isoform, ΔQ1077/H558/R34 (https://www.gtexportal.org/home/) and excluded other measurements.
Calculation of Probability Distribution
We limited our analyses here to the 2 most prevalent SCN5A-associated diseases, BrS1 and LQT3. Data for SCN5A variant presence in cases of other diseases/symptoms were curated and are available in Table I in the Data Supplement. Besides BrS1 and LQT3, the most commonly reported diseases in SCN5A patients were atrial fibrillation, sudden infant death syndrome, sudden unexplained death syndrome, sick sinus syndrome, conduction disease, dilated cardiomyopathy, atrioventricular conduction block, and irritable bowel syndrome. The vast majority of patients in the data set were either unaffected or presented with a single phenotype. Rare cases of overlap syndrome-individual patients presenting with both BrS1 and LQT3-were classified as either BrS1 or LQT3 according to their more severe phenotype. 20 We then aggregated over all variants the number of carriers that present with 1 disease, yielding the number of carriers presenting with BrS1 or LQT3, the number of unaffected carriers, and the total number of carriers. We define penetrance as the number of affected carriers divided by the total number of carriers of a single variant (Figures I and II in the Data Supplement). We then used an empirical Bayesian approach to approximate the penetrance of each variant, assuming a binomial distribution as the likelihood function and a β distributed prior (Figures III and IV in the Data Supplement). Specifically, we calculated a by variant average penetrance using the entire data set resulting in 24% and 10% penetrance for BrS1 or LQT3, respectively. We then chose β distribution shape parameters α (defined as b in Figure IV in the Data Supplement) and β (defined as n in Figure IV in the Data Supplement) such that the resulting expectation value of the prior matched 24% and 10%. The resulting β posterior distribution is slightly biased toward the marginal penetrance. This was done intentionally to offset possible selection bias in the variants that are characterized in the literature, while still allowing carrier count observations to quickly dominate the prior. The resulting penetrance values used in all analyses presented here correspond to penetrance expectation value. Additional information on Bayesian penetrance calculations is presented in Figure IV in the Data Supplement.
Sequence Location of Variants
To examine the location of disease-associated and control variants within SCN5A, we examined a 100 amino acid-wide sliding window across SCN5A from amino acid number 1 to 2016. For each window, we calculated the number of missense variants that were BrS1 associated, LQT3 associated, or unaffected. Variants with at least a 20% posterior penetrance estimate for each disease were considered to be disease associated, and variants with <20% combined BrS1 and LQT3 estimated penetrance were considered to be unaffected. Locations of transmembrane domains were obtained from UniProt (www.uniprot. org/uniprot/Q14524).
Variant Classification
We used the American College of Medical Genetics (ACMG) guidelines 8 to classify variants in our data set by prevalence in population (estimated using gnomAD), in silico predicted pathogenicity, and enrichment of disease in carriers (Table IV in the Data Supplement). For each variant, we calculated 4 ACMG criteria: (1) BS1/PM2: variant rate in the general population is common/rare (based on gnomAD allele frequency), (2) BP4/PP3: sequence-based in silico prediction methods Sorting Intolerant From Tolerant and Polyphen-2 classified as benign/deleterious, (3) PS4: enriched in affected population, and (4) PP2: missense variant in gene with low rate of benign missense variants and where missense variants are a common mechanism of disease (true for all SCN5A variants). Likely pathogenic/pathogenic were classified based on PS4 (with the enrichment set to >20% of carriers presenting with either BrS1 or LQT3), PP2, PP3, and PM2. Variants of uncertain significance were classified based on PM2, BP4, and PP2. Likely benign/benign were classified based on PP2, BP4, or BS1 (Table IV in the Data Supplement). Next, we classified variants according to the ACMG criteria as pathogenic/likely pathogenic, variant of uncertain significance, or benign/likely benign. We marginalized the posterior penetrance probability distribution over variants for each of the 3 classes. The resulting densities reflect a penetrance probability characteristic of each ACMG category. The University of Maryland annotation server (www.medschool.umaryland. edu/Genetic_Variant_Interpretation_Tool1.html/) was used to aid in these calculations. 21 
Weighted Correlations and Rank Tests
We used a Spearman rank correlation coefficient (ρ) weighted by number of carriers to assess the relationship among functional parameters, in silico predictive models, and posterior penetrance estimates. We also fit linear regression models of BrS1, LQT3, or both BrS1 and LQT3 penetrance using features fit linearly or with restricted cubic spline. We use this approach rather than generalized mixed-effects models because we do not have patient-specific functional perturbation covariates. Fitting the patient-level model in the data set resulted in severe overfitting. For a more direct comparison between electrophysiological features and in silico predictive models in predicting penetrance, we analyzed the subset of variants where functional data were available (maximum n=215; Table) . All calculations were performed in R; weighted Spearman rank correlation coefficients (ρ) were calculated using the wCorr package. All weighting was calculated from w number of carriers
to ensure that variants with a greater number of carriers and, therefore, greater certainty in penetrance had a greater weight in the analysis.
RESULTS

Data Set Summary
The collated data set of SCN5A variants had 1712 total variants, including 519 where at least 1 carrier presented with BrS1, 297 where at least 1 carrier presented with LQT3, and 278 where at least 1 carrier presented with a disease other than BrS1 or LQT3. Means and interquartile ranges for all functional parameters are listed in Table III in the Data Supplement. Interestingly, the median value of late current is 182% WT across all studied variants, suggesting a gain-of-function bias within the data set. Further, the range of late current extends up to almost 4000% WT, with a third quartile of 389% WT. Peak current median is 84% of WT, suggesting a slight bias toward loss-of-function variants. We next explored the distribution of disease-associated variants within SCN5A. We calculated a 100 amino acid-wide sliding window average of the number of unaffected, BrS1-associated, and LQT3-associated variants to aid the eye in finding regions where disease-associated variants cluster (Figure 1) . Interestingly, there was a marked enrichment of BrS1 variants within the 4 transmembrane domains and a depletion of unaffected variants in these domains. LQT3-associated variants were prevalent in and near domains III and IV, as well as the DIII-IV linker, consistent with the observation that those segments are largely responsible for channel inactivation. Conversely, we observed a depletion of BrS1-and LQT3-associated variants and enrichment of unaffected variants in the D1-DII and DII-DIII interdomain linkers and the N-and C-terminal regions, suggesting that most variants in these regions are not disease causing.
Penetrance Uncertainty
Because many variants have little clinical presentation data available, we used a Bayesian strategy to estimate penetrance. This approach enables us to include prior information about relative background rate of BrS1 and LQT3. A benefit of this approach is that single observations are not interpreted as 100% or 0% penetrant for variants with a single carrier with disease or without phenotype, respectively. Further, with the addition of data (a greater number of carriers), the mean posterior value centers on the true fraction of carriers with disease, and probability distributions narrow, reflecting the decrease in uncertainty ( Figure 2 ). As expected, posterior penetrance probability distributions for variants with little patient data available were broad and, therefore, less certain, whereas for variants with more patient data, the probability distributions are more narrow. For example, in Figure 2 , D1790G and R1644C each have at least 1 carrier presenting with LQT3 and BrS1, but because there are more total carriers of D1790G, the distribution of posterior penetrance probability is much narrower. This phenomenon can also be seen when comparing distributions of the posterior penetrance probability for the same variant over time ( Figure V in the Data Supplement). As more patients presenting with and without disease are described in the literature, the probability distributions become more narrow. Estimates of BrS1 and LQT3 penetrance for functionally characterized 
Distributions of Penetrance Within ACMG Classifications
We generated the individual densities for each variant classified using ACMG criteria as either pathogenic/ likely pathogenic, variant of uncertain significance, or benign/likely benign. By marginalizing over each variant in a given class, we obtained a distribution of penetrance for variants within that class. As expected, variants classified as pathogenic were more likely to have a high penetrance than variants classified as benign or of uncertain significance. Variants classified as pathogenic had a 91% probability of penetrance over 20%, whereas variants classified as benign had only a 5% probability of penetrance over 20%. Variants of unknown significance fall between the two, with a 32% probability of penetrance over 20% (Figure 3 ).
Relationship Between Functional Parameters and Penetrance
We observed a continuous gradation of penetrance for both BrS1 and LQT3 ( Figure VI in the Data Supplement). We hypothesized that this continuous gradation was due in part to the difference in the severity of the electrophysiological perturbations caused by each variant. To test this, we analyzed the relationship between variants' functional parameters and their associations with disease (Table) . Peak current and V 1/2 activation are significantly associated with BrS1 penetrance (ρ=−0.44 and 0.31, respectively; P<0.001 for both). Increasing peak current decreases BrS1 penetrance, whereas a positive shift in V 1/2 activation increases BrS1 penetrance. This finding supports the commonly held view that BrS1 is linked to a loss of overall Na V 1.5 function. The only electrophysiological parameters that were statistically associated with LQT3 penetrance were late current and recovery from inactivation. Late/persistent current, often considered a predictor of LQT3, 22, 23 had a significant correlation in the expected direction (ρ=0.37; P<0.001). Shorter recovery from inactivation times, which would lead to a greater number of channels available to open in a given interval, predicts increased LQT3 penetrance (ρ=−0.25; P=0.01). This is consistent with the common view that an increase in overall Na V 1.5 activity can cause LQT3. V 1/2 inactivation was not predictive of either BrS1 or LQT3. The observed correlations were robust to the choice of prior used to calculate the penetrance values (Table) . Correlations for penetrance of BrS1 and LQT3 with respect to peak and late current, respectively, persisted in most penetrance subsets ( Figure VII in the Data Supplement).
Relationship Between In Silico Predictive Models and Penetrance
To compare the prediction accuracy of in silico predictive models and electrophysiological parameters, we analyzed a subset of the variants that could be assessed for each (missense variants that had electrophysiological measurements). Notably, for predicting BrS1 or LQT3 separately, functional parameters outperformed all in silico predictors. However, for predicting both LQT3 and BrS1 penetrance together, Sorting Intolerant From Tolerant, Polyphen-2, Combined Annotation Dependent Depletion, PROVEAN, and evolutionary rate each outperform any single functional parameter (Table) . The difference in performance is likely because of the fact that in silico pre- ). The y axes are probability density normalized such that the integral from x=0 to x=1 equals 1. This figure is meant to illustrate some variants have enough carriers to be more certain about the risk of presentation, whereas some have fewer known carriers and thus more uncertainty shown as larger probability distributions. BrS1 penetrance probability density is shown as dashed lines; LQT3 penetrance probability density is shown as a solid line. dictive tools predict pathogenicity broadly but do not account for the mechanisms of pathogenicity, which differ between BrS1 and LQT3.
Predictive Models of BrS1 and LQT3 Penetrance
We observed high pairwise correlations (50%-70%, Pearson) between different in silico predictors ( Figure  VIII in the Data Supplement). However, there was much lower correlation between the in silico predictors and the functional parameters, suggesting the in silico predictors and functional parameters might contain complementary information about variant function. To test this, we built a series of models to predict BrS1 or LQT3 penetrance from functional parameters (peak current, recovery from inactivation, and late current) and an in silico predictor (PROVEAN), allowing restrictive cubic spline fitting to account for nonlinear features. A chunk test on the resulting models suggests a statistically significant portion of the variable penetrance of BrS1 and LQT3 is explained by peak current and late current, respectively (Table V in the Data Supplement). In contrast, PROVEAN alone has a weaker association with BrS1 and LQT3 penetrance, respectively, but improves on models that already include peak current or late current (Table V in 
DISCUSSION Estimating Penetrance From Patient Data
The growth of genetic sequencing has led to a wealth of data in the literature describing patients with SCN5A variants who present either with specific diseases or as unaffected. For some SCN5A variants, there is clear evidence the variant is benign or pathogenic. For example, several common variants (eg, H558R and R34C) exist at too high a frequency in the population to cause a highly penetrant form of a rare arrhythmia disorder and are thus considered benign. 24 Several rare variants (eg, D1790G and E1784K) have been observed in dozens of patients with BrS1 or LQT3 and thus can be confidently annotated as pathogenic. However, the majority of variants fall in between these extremes: rare enough, they could conceivably cause a rare arrhythmia disorder but with only a small number of reported patients and no large families to generate statistically significant linkage to use to assess disease risk. Furthermore, the classification as pathogenic or not does not capture subtype of disease as well. Incomplete penetrance of SCN5A variants further complicates the problem of inferring disease risk from sparse patient data.
To address the problem of the variants in our data set with sparse patient data, we used a Bayesian method to calculate a posterior mean penetrance with a corresponding penetrance probability distribution. Penetrance is a useful quantitative metric to assess the risk a carrier of a rare variant in SCN5A will eventually present with BrS1 or LQT3. As expected, our penetrance predictions for variants with little patient data available were broad and less certain, whereas the penetrance predictions were tighter and more certain as more patient data were available (Figure VI in the Data Supplement). Variants in our data set that can be classified as likely benign or benign have a much lower probability of having high penetrance, whereas variants classifiable as likely pathogenic or pathogenic are more likely to have high penetrance (Figure 3) . The probability of high penetrance for the middle category-variants of uncertain significance-falls between the two. These findings suggest that penetrance captures the essential elements of the current classification scheme (benign, likely benign, variant of uncertain significance, likely pathogenic, and pathogenic) 8 while providing more quantitative and precise information.
Significant Correlations Between Na V 1.5 Functional Parameters and Penetrance of BrS1/LQT3
Penetrance depends on many genetic and environmental factors, many of which are presently unknown. 10, 11 In contrast to the binary pathogenic/benign classification scheme commonly in use, we observe that several variants are consistently associated with variable levels of penetrance. For example, in our data set, patients with SCN5A haploinsufficiency (heterozygotes for a variant with 0% peak current) have a 70% likelihood of presenting with BrS1. Variants with partial loss of function are correlated with a lower penetrance of BrS1 (eg, L657Q and R367H; Figure 4 ; Figure VI in the Data Supplement). The continuous relationship between the functional perturbations of peak current and late current in Na V 1.5 and penetrance of BrS1 and LQT3, respectively, suggest carriers are more susceptible to presenting with these diseases in proportion to the degree of functional perturbation of the channel (Figure 4 ; Figure IX 
Overlap Variants Associate With Both BrS1 and LQT3
Most disease-associated variants in our data set were linked to only BrS1 or LQT3. However, several variants were associated with risk of both BrS1 and LQT3, typically in separate individuals (Figure VII in the Data Supplement). Many of these variants (eg, E1784K, R1644C, and R689H) had a mix of the 2 canonical BrS1 and LQT3 electrocardiographic features, reduced peak current, and increased late current.
Curiously Weak Correlations Between Na V 1.5 Functional Parameters and Penetrance of BrS1/LQT3
Late current underlies the LQT3 presentation in many cases. 25, 26 Several articles were published on variants found in LQT3, Sudden Infant Death Syndrome, or Sudden Unexplained Death Syndrome cases where once functionally characterized, the late current was considered anomalously high (eg, R1193Q 27,28 and F2004L 29 ). Subsequent sequencing efforts, including the amalgamation of sequencing in gnomAD, revealed that some of these variants were too common in to be canonically pathogenic, leading to several variants with high late current, large carrier count, and low LQT3 penetrance. There are several potential explanations for this unintuitive low correlation. Perhaps Human Embryonic Kidney cells-the most commonly used heterologous expression system-do not recapitulate the late current in the native human cardiomyocyte. Another possible explanation is that there are common compensatory mechanisms present in many carriers of these variants that blunt the effect of excessive sodium current.
In silico methods provide additional information. In silico predictive models perform much worse than peak current at correctly ranking BrS1 penetrance but are competitive with late current at correctly predicting LQT3 penetrance. In silico predictive models, however, are not intended to distinguish between subclasses of diseases associated with pathogenic variants, which can explain the improved performance in predicting BrS1 or LQT3 simultaneously (Table; Figures X and XI in the Data Supplement). In contrast, peak current (or V 1/2 activation) and late current or recovery from inactivation only correlate with BrS1 and LQT3, respectively, with no overlap between the two (Figure 4 ). This highlights the unique utility of functional parameters to provide greater information than broad pathogenicity prediction; however, in silico-based predictive models do provide additional information, as determined by lower Akaike Information Criterion and P values when PROVEAN is included in modeling BrS1/LQT3 penetrance (Table V in the Data Supplement). One potential source for the additional information is that in silico-based models are implicating another mechanism modulating penetrance. A major component of PROVEAN, and many in silico-based predictive models, is the divergence of residue identity across species and similar proteins. This evolutionary pressure could impose a constraint on residue identity through mechanisms other than peak current, V 1/2 activation, late current or recovery from inactivation, such as modulating binding partners, regulating phosphorylation, or interacting with other cellular components.
Variant Classification
Currently, ACMG criteria use functional defects as a binary measure to help classify variants. Because Each grey circle is an SCN5A variant where the radius is equal to log 10 (number of carriers). The solid trend line is the locally weighted average of penetrance from functional perturbation; the dashed lines are 95% confidence intervals for the weighted average. Median absolute error for BrS1 penetrance by peak current and late current is 14% and 10%, respectively; median absolute error for LQT3 penetrance by peak current and late current is 14% and 32%, respectively. WT indicates wild type.
electrophysiological defects are multidimensional and continuous, there is a difficulty in understanding how severe an electrophysiological defect should be supporting evidence that a variant is pathogenic. In addition, there is a growing recognition that variants can have a range of disease risk, from ≈100% penetrant to a statistical risk factor. 30 The literature, curation approach and analyses presented in this work provide a framework for a quantitative understanding of how to translate continuous electrophysiological functional defects into disease risk. It is our hope this approach will help more accurately determine variant-specific disease risk for SCN5A and for other Mendelian disease genes.
Limitations in Analysis
We were unable to collect age or sex information for many individuals in our data set and, therefore, have ignored these influencing factors. Further, we assume that the functional expression of variants in the most common isoform in a heterologous system is largely representative of the function of the variant in the human heart. BrS1 is known to affect men more than women and is more common later in life, so it is possible our BrS1 data set is enriched in either of those categories. Another potential limitation is the restriction of a single predominant clinical presentation, here as BrS1 or LQT3, while not allowing for overlap. There are many instances where variants result in multiple, concomitant clinical presentations. [31] [32] [33] Several publications did not describe in detail the clinical phenotypes and only presented disease classification. The likely consequence is that our results reflect a bias toward lower rate of BrS1 penetrance for the subset of variants strongly associated with LQT3.
Conclusion
The examination of penetrance, as defined here, in a set of >1700 variants from the SCN5A literature allows us to assert that there is a range of tolerated Na V 1.5 perturbation. At one extreme, dramatic perturbations are not well tolerated, and clinical presentations are largely predictable, more so for BrS1 than LQT3. However, modest perturbations result in varied clinical presentations including incomplete penetrance. This trend holds when comparing different variants and within a population of carriers of a single variant. We suggest modeling probability of clinical presentation, here called penetrance, for carriers of SCN5A variants is feasible using Na v 1.5 channel electrophysiological features. We further suggest this approach will be especially useful for determining the risk a patient carrying a rare SCN5A variant will present with a disease.
Collected data are available in Tables I and II in 
